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Overview

nallenges in measuring tunes in the

Physics

Detector Requirements
Type of detectors

21.4 Mhz Schottky
1.7 Ghz Schottky

-714

3D-BBQ (Direct Diode Detector B
operational) //////////
Digital Tune Monitor (not og
Conclusia /




The Tevatron

The Tevatron is a single beam pipe machine
lig ///v/u/r/ :

36 bunches of protons collide w o

Keep t
6 horizontal separators ,/(:;//'{///’/?’/r/‘

Protons have approxime
protons

' prlji()enes’lectrostatic separator

There are 70 /’n/. ag (para
head-on collisions a
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//////// FILE: tune.odp / Dec 11, 2007 / Page 3
stavia, IL 6051C cytan@fnal.gov

J
(




7
4“4‘

The Challenges //’ f

« 2 species in the same beam pipe.

Possible contamination of signals

* Must have ability to measure ,«%//X/Af/}//
Must have abilty

Bunch separation of ~396 ns between bunck

species in each train (3 tra
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Physics

bunch-by-bunch pbar tunes
(Courtesy of A. Jansson)

0.583

0.582

0.581

0.58 4

tune

0.579

0.578

0.577

Beam beam tune shifts. Hor
are different.
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The Ideal Syste

Must be directional, e.g. Stripline.
Must be parasitic, i.e. No beam excitation
Must be bunch by bunch.

Must work at injection, up the ramp and th
Electronics/Software m 4///‘//'/'/»///////

wi §

Accuracy 10™
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Pickup Requirem/e%

Choice of location

Select location in the Tevatron where the
temporally separated.

Design pickups with directivity
Stripline ~30 dB directivity
Bandwidth ~100MHz

Single bunch signal &
il

///

v
RF gates can 4 sec /
Sample only w /%,//4///
/?////;/////////// FILE: tune.odp / Dec 11éy2tg(r)‘7@/fn|;;a;%eo\7,




Example with Stripline

ek Run: 300M5/s sample
: -+

i s SIS Time separation
RS e I [ ) Directivity
Gating

Protons

EF’ [T 00VSo Tha 100V M 100ns Cha F 1.12V
Ch3 1.00 Chd 1.00V

Refl  2.00¥  100ns
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Detectors used in the T//

21.4 Mhz Schottky
Resonant Detector. Q ~ 370
Workhorse of the Tevatron. Standard fc
tunes. Not bunch by bunch. /
Cannot see pbar tunes w elp

1.7 Ghz Schottky

Designed with low G
Directional

7
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D inthe T ’
etectors used in the evé%%/

3D-BBQ (Direct Diode Conversion Baseband T

Uses 0.5 m stripline.
Uses diode as envelope detector.
R&D project in collaborati

Digital Tune Monitor

Uses standard 30cm stanc

Brute force digiti g
Requires tickling of the

7
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21.4 Mhz Schottky

OUTPUT
. _l_ ICopper plates

TEST
INPLT

Copper plotes

Courtesy of B. Fellenz

1 m long structure. 6” square, plates /

21.4 Mhz chosen because narrow banc
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Limitations of 21.4 Mhz M/ Yy

Anti-protons must be kicked ge
S1UT]

Contamination of anti-proton

Sighal witn prc
when looking at anti-pro / /{a,,//,é///,/////

Other electronic effect

7
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Seeing Anti-protons

Only anti-proton bunch 24 tickled
vertically.

Contamination from protons. /
T Tickling brings anti-proton bunc
i

Y 24 out of noise floor. //
K H,fLW« W"WWWMM %%MWW% Other effects which are not

understood.

1 Ll =l 1 | .| | P S 1 | |
sodd LD 06 P T R L i o = B o 1 e LEEG L6113
Veprtizsal avogs 14

- 74

ul
N
|

| - 1 e L I | ] | i | 1 11 L1 1 | | T | 1 1 1
M ial =t 3] = i i D57 e 5 = = +BTE3
Vertical
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Disadvantages

Not bunch by bunch.
Must tickle the anti-protons

Causes lifetime issues.
Blows up emittance.

« Can only be used at the end of high enerc

No continuous monito

nti-p
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1.7 Ghz Schotg(/

Installed in 2002.

A breakthrough detector in the Tevatror

Designed to be bunch by bunch.
Designed to be directional.

/
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1.7 Ghz Schofttky

Imx 109mm x
79mm

- : S Anti-proton
e, e R (utputs

e i
D, R .
or ﬁ'ﬁ:ﬁ? T - ual ..".-'::'_ﬁ;f.{?"
iy f:l‘.:'ff{‘f}?‘_}?{; o i B o : "ﬁ'ﬁfé’? ;
e -2 . "= ¥ =1 o T
S i 7
The r T, " 1
S Hh_kh_i‘ﬁjf{%@%pj:‘ '\---u.\__\_\_ o -‘_-
e et e . el
S, i
T e -
——_ i —-.'_-_.__._-_- — K
- S
Sy
Anti-protan R e fo
: =5 5
EEdFﬂ “_\_‘_\- ""\-._\_‘___\- ._I_-'"'
e
- =
qq--“-‘- i 8 - :--‘- -‘-\--l.\__‘-‘-
—— -,
-‘1__\_‘_-‘---‘-‘_

Fratan Ecam
Courtesy of A. Jansson
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Large Common Mode Signal ==

v
Yy

¥ATTEN @dBE  UAUG 188 AMKR —57 .GOdB Large common mode signal in
RL -38.8dBm 18d B~ 19. BkHz hadron machines.

Requires 60dB of dynamic
range in electronics.

P’EI{$ kHZ
b7 |58 4B [ '
# E‘-elmu-?n-:‘ru'rrgg ! Setatror-Tnres

| 7 |
AT
PR, | o g v

.--‘-'"'l-u l'-._'_,.pl-""

"]
—
\rE?mnhwﬁe

CENTER 1.B656848B2GHz SPAN 188 . BkHz
RBW 1.8kHz VBW 1.8kHz SWP 258ms
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TN il =2 ey VU S e PN L\ S S VAN
TANK 1.7GHz ¥~ 179Gl 1.7GHz
BPF RBPF BPF
21.4MHz 21.4MHz BASE
A Y L I AL [SBAND [y

LOW LOW CRYSTAL CRYSTAL

PASS PASS FILTER FILTER

FILTER FILTER
LO1 L.O2 LO3
1.4GHz 378.6MHz 21.43MHz
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Sophisticated Sof / f
/ o

N MY Vi=1

Instrument is useless to physics with ood softwa

« Tune fitting software written by P. 0 look

Bunch by bunch tunes
«  Chromaticity

Momentum spread
«Transverse emittance
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Tune Evolution During a Store

CourtesyA Jansson Tue B1-MAR-2@A5 14:54:35

Proton Horlzonta
Proton Yertical

htlproton Horlzo ntal

A
Antlproten Vertical

Tune Fitter Paused

\ Single Bunch Mode

373 23 19:@3 24 B1:17 24 BF132 24 13:45 24 2B:aAl
Tl = Wed Feh 23 12:i03:i21 2885 T2 = Thu Febh 24 Z@:iBl:@3 ZAAS

Anti-proton tunes are higher ~
0.01 at the start of the store.
Proton tunes relatively
constant during a store
Possibility of simple t
feedback during @ /
hand right no
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The Signal

-- Proton Horizontal --

Width of tune (.025) and noise
gives rms error of 107 for 36
bunches and 4x10™* for e

bunch.
Measured tunes a ;/ir
zero coupling ev /

Tevatron 1S coup /

Power {dbm)

N type electronics
/// .
- R - conversion may
1268 1260 1280 1261 1262 1263 1284 12685 1266 1267 1208 1260 1270 1271 IOW traCklng up the
Frequency kHz
////. squeeze at LHC.

Width and height from chromaticity. AVerase vatron ramp and squeeze too
ast for tracking. (ramp is 80s)
1S momentum spread. /
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Cannot See Coupling

Fri 23-FEE-2883 e2:39:82

T: TULPHT
-Inst2

Ti1TULPYT
Insta

Ti TULAHT
. Inst2

21.4MHz horg

58 5 il S

21.4MHz ve

575 bg- C
g;g 18 16:56 18 23:22 19 B6:61 19 12:34 19 13:86
% Tl = Fri Feb 18 16155155 2085 T2 = Sat Fek 19 19185159 2885
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L4 Linux GxXPA 2 NuMl targeting
Saaa

i chottky signals disappear

. B
T:IRING

because of bubbling up the ramp
—— and squeeze.

.Inst2 El12

4 Linux GxPA 1 HuMI targeting

=3al]z] Tue EZ-HOV-Z20B7 G3:55:33
13
)
)

T:TREHTLCZ]
- Tewdd tune

W TIIRING
LInstz AKWFS
T:TREYTLZ2]

s Tewdd tune

T:EEAM
1 .Inst2 ElZ2

C:LESER
+CIF seq#

T:TULFHT
sInst2

1m@n faf TiTULFYT
3 2 . InstE

=
L5768
CiLESER
A +CDF seg#
5]

a
5]
- 37 ZRT4EITE 23:41:49 23142145 23143141 23144138 2I:45:34 23:d4e:3@ 234 CEDLIEVR

= olnsta EW
Tl = Mo ZE-HOW-EEEF E23:48:53 T2 = Mo 2E-HOV-Z2HRAZ 23:47:27

C:D15YF
olnsts KY

£2323:40:52 23:41:49 23142047 232543541 23:44:38 2323:45:34 23148230 23:147:27
T1 = Mo B&-MOV-ZBE7 23:4@:53 T2 = Mo BE-MOV-ZEEF 23147187

Fermilab, 4
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Tuning During Store

b4 Linux GXPA Z Tunes from 1.7 GHz Schottky

T:TULPHT
OInst1

T:TULFYT
+Instl

C:LOSTR
+CIF hz

TiGELEF
+CIF TUHE

T:GQYLEF
oCDF TUHE

C:LESER
aCDF seq#

Tue 27-HOV-ZERY BI:E2:07 C@0a0

2@, 6
2@, 55
25
d v At b et L
558 INOISYy at Start o1 §torc
12888
2@, 58
.59 1 2@, 53
53 (APt ) 12
2e0a
—— 2[. 57
.585 g — A———— A————— 2@, 52
.585 1@
4808
2@, 56
.58 2@, 51
.58 5
a
2@, 55
2\.5
5]
-g;g gai57E? BE:SEIAS B1:5E:44 EEREETEE] A4:0@: AL
: Tl = Mo 26-NOY-2@@7 23:57:27 T2 = Tu 27-HOV-20@7 Q4:08:82

Linux GXPAZ Tunes from 1.7 GHz Schottky

Mon 19-HOY-2887 69:21:18 z@ees
2.5
LB e 2B.55
.6 ) 25
: 16088
26.59
L5595 | i 26,54
L5595 ze
TiTULPHT
OInstl
1e8m8
26,58
.59 28.53
TETULPYT .55 15
+Instl
e :
I
CELOSTR 2E08
+«CDF hz HHH Ho— 26.57
L5585 . [r— - < 268,52
. 585 i N — +—+ - H 1
TiQHLER
+CIOF TUME ;
- GLLLE]
: 26.56
TiQYLEF .58 M 2e.51
aCDF TUME =g 5
A
C:LESER 26.55
aCDF seg# ce. 3
: 2]
-g;g 19:868: 28 19:568:23 208:48: 88 21:29:53 22:19:38
. Tl = Su 15-HOY-28@7 19:00@:35 T2 = Su 15-HOY-2B@7 22:19:35
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3D-BBQ (not operatic /

p
Developed by M. Gasior (CERN)

R&D project under US-LARP collaboratic
Tested at FNAL, RHIC and SPS
Not operational at FNAL

One student working .,;

Some interesting “probl

7
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Setup

RF switch Diode Detector
< "?EEPZ > T %
rily |
aF y
— Bunch
i Triggers 7
siripline - =1 S
plickup
Diode Detector ? //
g il e : 15 gives bunch by
e l | 1€ measurement
optional

To
Signal Analyzer
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Principle

ourtesy M. Gasior

a (sHz

ol )t
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Measured Tunes at Injection

- FI:F! %ELHSEI:rl‘EEtPUIII - BEL [Pt S L ~35. 165 dBn 36 prOtonS and 12 antl—

%0 bUHEZ I
B rotons (1 to 4, 13 to
0 "~ Piars narizantal e R ’
J |
G N ax=ose17 | | 2510288
X =, ¢
3 Note tune diffe
Sdiw
P
B T | |
29 W4T 1 P Y O
Center: 20,1875 kHz Span: 2.44190B25 T
TERCE B: EhZ Spectrun
{JE_DFFEi | N —198.3%'3'5] 3|HE | | G.545. dB
i ' i Frotons hdrlzo ntal tune
Loghcg | ; | | I I I

dg 1ﬁ'rl ﬁ n |
Sdiw L | | |
a%‘f:—dx EJEEE j

Center: 20,1875 kHz Spoan: Z2.4991490625 kHz
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Sensitivity

Tune Measured by BB 3D-BBQ is between 4 to 6 dB more
bl i 2 015.0 He ~33.385 dBn sensitive than the 21.4MHz SChOttky

| 60 Hz seen clearly for the first time
Source 1s probably dipoles.

Seen 1n Tevatron, RHIC and §
IjEHIIEer'n:nzr*: 20 kH=z ' WML i Illlépnlur;':l ‘2 dez (SOHZ)

] Hz Sch &8 floor

oftky noj

Tune Measured by 21.MHz Schottky

=R

=73

=5

=g

=78

(] ]

-28

=ge

-5

fl

L1 | | | | i1 1 1 1 11 | | I L1 1 1 1
3589 . 5ed .5% adE. a8 JEBE 58 L5968 .6H1 .E68E8
Haorizontal augs 16

= 1 f 1

{

o
o
.

-28
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Advantages

Low cost

Simple design.

Can use any type of pickup Iif directivity IS unne
(RHIC, SPS, LHC) /

Insensitive to bunch positior

77
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Problems

Tune would disappear at collisions

Happens to both protons and pbars.

) 60Hz lines makes locating of %//

60Hz lines tells us where the tunes a
o whai

o

Hard to fit envelope to tell us

77
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Date: Ob-08-03 Time: ©3:52 AH

TEACE A: Ch1 Spectrun
A Morker 19 F20.273 9 Hz -15.2496 dBn
C Morker 19 436,462 O Hz -19.807F dBmn

5
dBr

LoagMog

2 |
dE 1 1 P
Sdiv

-q5
B
Center: 19.94 kH=z Spon: 2.9491490625 kHz
TEACE EB: ChZ Spectrun
B Morker 20 019,345 T Hz —-16.4908 dBn
-1 TN
dB |

>d horz protons,
Ch=0.5812

]
Logkoag Ul &Hﬁ '

AT T |
5 v 7 !

Sdiw

i

19.949 kHz 2.4991940625 kHz

Center: Spi
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Date: Ob6-08-03 Time: 64:063 AH

TEACE Hh Chl Spectrun

Morker 19 Y96.567 9 Hz -11.75  dbn

C Morker 19 436.460 O Hz -19.807F dBn
| ﬁ
! Iy [y E o
iy L") | I
1
-45
dBr
Center: 19.99 kHz Spons 2.991940625 kHz
TEACE EB: Chg Spectrun
B Morker 20 19,3495 7 Hz -27.818 dBn /
10 tons at flattop
dBm
|
LaaMog 'ﬁ L
S
2 I L .
dE ) t
7V e O b
-G
dBm

Center: 19.99 kH=z Spon: 2.9914940625 kHE

]
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Date: O6-08-03 Time: 04:14 AH

TEACE A: Chl Spectrunm
A Marker 19 B3d,.600 B Hz -28.245 dBEn
C Morker 19 436.4960 O Hz -19.827 dBEn

5
B

LoaMog

5 T
dE l.Il II 1
Sdiw

f

-4q5
dBr

Centezr: 19.949 kH=z Spoan: 2.991490625 kH=z

TEACE E: ChZ Spectrun
1DB Morkzr 20 019,345 ¥ Hz -28.663 dBmn

B

LoaMog

2 S |

4T o AL, mmm%

19.99 kHz

Centers Spon: 2.991490625 kHz
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Date: 8b6-11-63 Time: 68:19 AH

TREHCE H: Chl Spectrun
A Morker

19 B13.4961 9 Hz -29.673 dBn

7 //
| [ S S—_— rotons = 0.5770
oy j T ///
Il

C r 10.94 kH Spon: 2.44140625 kH 7 :

TRACE E: EEI;:EEPSPEDtr‘LII'I : Pen 8 ///4 Zi SChOttky.
B Horker 20 ©19.395 7 Hz ~38.365 dBu | gy 7

o Harker 20 625.343 2 Hz -31.851 dém | C pbars = (.5895

cABrl
LagMag

Ch protons = 0.5783

Center: 19.949 kHz Spon: Z2.4991490625 kHz
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3D-BBQ at Collisior /4’

Adding attenuators and 70MHz filter before the diode
helps to lift the signal out of the :/?/é/a//'/(w/////»/////
3dB).

Still dominated by 60Hz lines.

7
//////// FILE: tune.odp / Dec 11, 2007 / Page 36
//////// 010

cytan@fnal.gov




Digital Tune Monitor (not o 7& /)

Bunch by bunch tune monitor

Not operational, expert only.

Uses standard Tevatron 30cm stripline BPIV
Must tickle beam to see tun /
Does not use gates, but digitizes only whe

7
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Sharing TEV BPMs and Kickers

Courtesy of V. Kamerdzhiev

y

. - LabView
DTM harcdware at B1 service building Program on a PC| DTM hardware at EO service building

I_ rL ethernet I_ I

I | I 'I |

REL&Y CONTROL Diata ) ‘ REL&Y CONTROL o )

I F DTM acquisition I I £— DT M Excitation I

I coax relay I I o Ty I

1 | e |

| » | | ; |

I I I I

. . . I N D | I N B

TEV BPM Tickler
system hardware
pickup kicker

N N
Froton beam \ :-

Z
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Latest results ( store #5301)

Courtesy of V. Kamerdzhiev

linear scale

gaussian fit

T:STRDUR=20min

. g T ]
Z0000 20800

1 1
19600 19800

Frequency [Hz]

i ] 1
19000 19200 19400

1 1 | I 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 | 1
g 1o 11 1z 13 14 15 16 1Y 15 19 20 21 22 25 24 5 X OEF O 9 30 31 32 33 34 35 36 57

bunch # —=
er ab,500 FILE: tune.odp / Dec 11, 2007 / Page 39
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Advantaqges/Differences
2 e

Very fast because it does not use any gates anc
all 36 tunes simultaneously. /

Not a Schottky signal like other instrun
measurement.

Can see pbars.

7
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Disadvantages and Pro /
) %

-

Tickling.

Power on beam is very large.

No continuous monitoring | %/;/////

=4
0

- Slow beam motion gives commor
saturates the amplifie // //
 Will be fixed with more sophi:

SLICc

adapt to this ‘f’: ?

7
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o

Comparison of all 3 Detectors

Bunch by Coupled
Injection Bunch  Tunes

Y X Y Z00E-004
Y e-3 1o 1e-4
Y 1.00E-OO4
1.00E-004

Flattop

Detector Ramp Squeeze Accuracy

erent when going up
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Conclusions
- 4 different detectors used to measure tune
. 2 operational (21.4MHz and 1.7 GH /

iz
2 not operational (3D-BBQ, Tune Monitor;
4 different frequency regimes ////d////r/ ]

or pn
21.4MHz

1.7GHz

Baseband.

/
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